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INTRODUCTION 

1 • 1 General i 

In the next few years optical fiber comm-unication is 
expected to come out of the experimental stage to commercial 
use. ■ It has credentials like, low transmission loss 
(5 dB/loa), B.M.I. and R.]?,I immunity properties, light 
weight, small size, flexibility in its support and usefulness 
Simultaneously with the advent of reliable and long life 
laser diodes, and detectors, better splicing arrangement, and 
manufacture of lower loss optical fibres, cables ani 
connectors, the commerical use of this mode of communication 
is bound to take an edge over the conventional system. 

Future large scale networks of computer and microcomputers 
will be heavily dependent upon optical fibers. Major 
computer system manufactures like DBG, IBM, Burroughs, 
Hewlett-Packard etc., have already started using optical 
fiber short links for inter-package connections. 

Light weight, high capacity and freedom from electro- 
magnetic interferences make optical fibers attractive also 
for various military uses. Already its use in missile 
launch control has been reported [1] . In fighter aircraft 
kilometers of electrical cables of large weights can be 
replaced by light weight optical fibers, thus giving 



2 


aircraft more speed and iDetter manoeuveraMlity, Optical 
filers having immunity towards weather conditions and M 
interferences are also suitable for use in ITaval surihce 
ships and submarines. 

In this chapter we describe briefly the different 
subsystems of a typical fibre optic digital communication 
system and give representative specifications of the 
optical subsystems. 

'I • 2 Typical Piber Ontic Digital Qommunication System .; 

The block schematic of a typical fiber optic digital 
communication system is shown in Pig. 1.1. Broadly it can 
be divided into two parts, one part (shown inside the dotted 
lines) contains the optical fiber channel alongwith the 
associated opto-electronic devices. The other part includes 
well known electrical subsystems found in any conventional . 
base band digital communication system, liko in any other 
communication system, the primary aim here also would be 
to transmit data at the maximum possible rate for a given 
performance criterion in terms of the probability of error 
in detection of data symbols (bit error rate). An obvious 
way of attempting this is to use good quality communication 
channel, i,e. , the optical channel in the present case. But, 
if there is no choice available in this regard, as is so in 
our case, it becomes necessary to optimize the electrical 
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portion for tho best possible perfoimance, Por this purpose 
both the electrical transmitter and the electrical receiver 
have to be efficiently designed. In tho present study some 
attention has been paid to the possible choice of an 
efficient transmitter while using a conventional receiver. 

Transmitter 8ub-systems :S 

The important subsystems at the transmitting 
end are the following; 

i) Source Encoder 

ii) Line Encoder 

iii) Optical Source 

i ) Source Encoder ; 

Several efficient source coders are known, viz., 
POM, DPGM, dm and the adaptive versions of the same. Out 
of these, only PGM seems to have been used as a source 
coder in tho fibre optic digi'tal communication systems 
reported so fhr. But, it is well known that DPGM and DM and 
their adaptive versions have some definite advantages over 
PGM. Por this reason, DM and a modified foim of it have 
been used as source encoders here. 

ii) Line Encoder ; 

The need for lino encoding arises because the conven- 
tional straight binary format has the following limitations; 
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(I) It can not provide an error monitoring capability, 

(II) It Buffers from' occasional timing information 
d isapp earano G . 

(Ill) It can have a large dc content and thus result 
in a base lino wander. 

Other fiiotors which necessitate line encoding and influence 
the selection are non linearity of the availa'ble optical 
sources like laser diodes^ tolerance to intorsymbol inter- 
ference (ISI)p bandwidth and optimum power requirements* 

The base band frequency spectrum must be relatively confined 
and have a null at zero frequency, Thiis provides lower 
noise and permits ac coupling in the receiver, Somo | 

efficient lino codes, known as mBnB pulse formats, have | 

been shown to reduce such problems considerably. One of these ; 
pulse formats ( 233B) has been used as the lino encoder here. j 

iii) Optical Source (Transducers) ; i 

' ■{ 

light sources for fiber optic communications systems ii 

1 

requires certain characteristics including long life- time -in- | 
use, high efficiency, reasonably low cost, sufficient power 
output, capability for various types of modulation and 
physical compatibility with fiber ends. Tho light sources 
tlmt meet these I'equirements are semiconductor light emitting 
diodes (LEDs) and the semiconductor injection lasers. 
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Laser can launch, more powor in general, into lo^^ 
numerical aperture (NA) fibers than LEDs* The power output 
from lasers however is rather temperature sensitive compared 
to LEDs* These omit light within the 0*8-0, 9 and 
1. 0-1,1 pm wavelength ranges, which are the regions of 
interest at present where the transmission loss of the 
fiber is low. Typical important foat-ures of LED’s and 
semiconductor lasers are given in Table 1,1 [2], 

1,2,2 The Receiver Sub-systems ; 

The important receiver sub-systems are tho 
following. 

i) Photo detectors 

ii) Pront-end low-noise amplifier 

iii) Equalizers 

iv) Synchronization Circuits 

i ) Photo detectors s 

Por optical fiber systems mainly two types of photo 
detectors are used; PIE photo diodes and Avalanche photo 
diodos (APD), These semiconductor optical detectors must 
meet the requirement of sufficient bandwidth (speed of 
response) , adding minimum amount of noise to the transmitted 
signal, peak sensitivity at the light source wavelength 
stability over changing external tonperature, long life at 
reasonable cost. Typical important features of PIE photo 
detector and APD are given in Table 1^2 [ 21 - 
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ii ) Pront--end Low^noiso amplifier ; 

The main, feature in designing the front-end amplifier 
is to keep the noise from various sources, as low as possible 
at the output. The various sources of noiso are thermal 
noise associated with biasing resistors, noise associated 
with amplifying transistors, noise resulting from leakage 
currcaat in photodiodes, q.uantum or shot noise, noise due to 
dark current, etc. 

Two different approaches have been used in designing 
the front-ond amplifior. In the first, an a.c. coupled 
amplifier with a large input time constant has been used for 
low noiso amplification. While in the socond, a shunt feod 
back amplifier eommonly referred to as a transimpedance 
amplifior has been used. The large time constant of the 
first kind introduces further dispersion on the received 
pulses, and thus requires subsequent oqualization. The 
second kind requires a marginal increase in the signal 
power, 

iii) Equalizers ; 

In optical fibres, as in other transmission channels, 
dispersion of transmitted pulses cause inter- symbol inter- 
ference (ISI), and so equalization of received pulses is 
needed for increased data mtes and repeater spacing. Both 
frequency domain (fixed and variable) and time domain 
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(linear and nonlinear) eq^alizors liave been used for this 
purpose in experimental systems* 

iv) Synchronization Circuits ; 

Synchronization is a . necessity in fibre optic 
digital communication systems as it is so rfeir any other 
synchronous transmission system. But, here tho synchroni- 
zation circuits must be as simple as possible so that the 
cost of the repeaters can be kept small. High 'Q'^LO txmod 
circuits have been used for this purpose. Efficient line 
coding methods can reduce tho problems of synchronization. 

I *3 Iho Q-ptical Eiber .; 

Optical fibers are mainly of three types J step index 
single mode, step index multimode, and graded index multimode. 
In single mode, tho core is of a very small size ( — 2 to 
5 pm) which enables propagation of a single node only* 
Dispersion is least in this type of fiber, as only one mode 
propagates. This type of fiber is more expensive as very 
high precision is roq.uired in drawing the fiber [2] , 

Splicing (jointing) is also a problan for this typo of fibers. 

The step index multimode fibers have core of larger 
size compared to single mode ( ^ 60 to 70 pm) and allow 
transmission of more than one mode thus resulting in a larger 
dispersion. The typical fiber diameter is dictated primarily 
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by the etrength requirement in single mode fiber and by 
electrical transmission requiroaent in step index multimode. i 
fibers. 

In tliG graded index fiber there is a gradual (normally 
parabolic) variation in the refractive index along the 
radius, being maximimi at the center. In this type of fiber 
rays focus at periodic positions along the length of the 
fiber. This compensates for the mode dispersion . found in the 
step index although the dispersion is not as low as in the 
single mode fiber. Some typical parameters are given in Table 1^ 

1 , 4 Qonnootors and Splices : 

A connector links one fiber to another or to repeaters | 
or end-dovices. Connectors aro usually demountable from the t 

r 

rest of the fiber optic transmission systems. These have 
some sort of locking and aligning mechanism , and. must 
introduce a mininumi amount of insertion loss. 4 splice is 

■ ! 

a form of coupler that permanently joins two fibers or i 

two fiber bundles. Signal attenuation in all these must be 
kept to a minimum by proper alignment and official t 
jointing techniques. 

1 • 5 Scope of Work g 

A fiber optic communication system as shown in the 
block diagram (Pig. 1.1) was sot up in tho laboratory using 
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HEWLETT PAOKA.RD (HP) Integra tod optical transmitter and 
recoivor nodules type HPBR-1001 and HEBE- 200 1 , respectively. 

A stop index inultinodo SOrJ^otor long fitor optic catlo type 
HPBR-300‘3 was used along -with, tlie oonpatiblo connector's. 
Ghaptor II gives a detailed description of the HP transmitter 
and rocoiver nodules. Block encoders for line encoding 
of the type 1B-"2B and 2B-3B along with block decoders of 
type 2B-1B and 3B-2B were designed and fabricated. Details 
for design of line cncodor/dGcoder is given in Chapter III. 

A nodifiod delta modulator, where the slope overload in 
the input signal is sensed and the step size adjusted 
accordingly was used as the sourco encoder. A decoder 
compatible with tho source encoder is also designed and 
fabricated. Chapter IV gives the design details of the 
source encoder/decoder. The details of perfomanoef 
neasureinGnts and results obtained for bit error rate and 
signal-to -noise ratio neasurenents are given in Chapter V. 

A brief discussion of the results and suggestions for 
further work arc also included in this chapter. 



CHAPTER II 


HEWLETT PAGICA.RD FIBER OPTICAL TRAM I TIER -FIBER-RECEIVER LIHK 

2. 1 Introduction :; 

The HFBR-1001 fiber optic transmitter is an integrated 
electrical to optical transducer designed for digital data 
transmission over single fiber channel- A bipolar integrated 
circuit and a GaAsP LED source convert TTL level inputs 
to optical pulses at data rate from dc to 10 Mb/s having a 
non-return-to-zero (KllZ) pulse format. An integral optical 
connector on the module provides easy interfacing ¥ith the 
fiber. The optical cable used is a step index, glass-clad 
fiber surrounded by silicon coating buffer jacket, and 
tensile strength members. This combination is then covered 
by a scuff resistant outer jacket, 

HFBR-2001 fiber optic receiver is an integrated optical 
to electrical transducer for reception of digital data over 
single fiber channel. A silicon PIH photo-detector and a 
bipolar integrated circuit convert optical pulses to TTL 
level outputs with an optical sensitivity of 0,8 pW, a dynamic 
range of 23 dB and data rates to 10 Mb/s HRZ, An integral 
optical connector on the module allows easy interfacing 
without problems of fiber-detector alignment. 

2.2 Specifications ; V 

The transmitter and the receiver can operate in 
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two different modes - internal (low) or external (high) 
mode. These modes are described in the next section. The 
specifications for the transmitter and the receiver are 
given in Table 2.1 and Table 2.2, respectively. 

Data A 
Input 



Optical 
Output 
with Mode[ 
select 
low 


i 







-ih 


- 



2* 5 Transmitter Description; 


Dig. 2,2 shows symbolically the logic arrangement of 
the transmitter. To enhance the switching speed bias 
current Iq is never turned, off in either internally - or 
externally coded mode. The three levels of flux viz low 
level (0j^) » mid level (0^^) and high level (0jj) are produced 
by current Iq» (I^+Ig+I^) , respectively • In 

the externally coded mode (mode select 'li-lsh*) as shown 
in Dig. 2.1, the output flux is exact replica of the input 
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Table 2.1 

OPTICAL TEANSMITTEPl SPBCIPICATIOKS 
( 1 ) Absolute Maxlm'um ratings : 


Parameter 

Sum bo 1 

Min. 

Max. Unit 

Supply Voltage 

o 

i 

-0.5 

6 

V 

Mode select or data input 
voltage 


-0.5 

5.5 

V 

Operating Temperature 

"a 

0 

70° 

°C 

1 ( 

Lead Soldering 

Tonp 

— 



10 

260 

__sep 

°c 


Storage Tomporature T^ -55 +85 °0 


(2) Operating Condi tions s 


Supply Voltage 


4.75 

5*25 

V 

High level input voltage 
Mode Select or Data 
input 

hn 

2.0 

■ 

. 

o 

o 

V 

Low lovel input voltage 
Mode select or Data 
input 

''^IL 

0 

0.8 

V 

Data input Pulse 

Duration (high or low) 

t t 
. H L 

100 


ns 

Ambient Temperature 

^A 

0 

70 

oG 
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Exit Numorical Aperturo (N.A.) 

o 

• 

vn 

1 


rimTnlTncr jF^TOHI 

Area Mismatch 

6,0 



From 

N.A. Mismatch 

4.0 


Optical port 

(Filer optic 

core)dia (pm) 

200 


Peak emission wavelength. ( 

nm) 

700 


TYI n'Y* 

Mode select high 

Mode select 

low 

J. X iii ^ u O X 

Data i/n 1 

Ligh lata i/p low 

Mim, Typ. 

Max. 


Supply Current 40 170 68 95 1 25 

(mA) 


Optical flux '0' 67 3 - 35 - 

( W) 

Flux Excursion depends on data foimat 0,8 - 1,2 

ratio (K) 


( 4) Eynamio Oliaract eristic s^ 


Parameter 

Symhol 

Min Typ 

Max 

Propagation 
Delay (ns) 

High to Low Data 
input stop 

’'^PHL 

31 

45 

Both modes 

low to high jteta 
input step 

"^PLE 

35 

50 

Refresh 

Pulse Mode 

Duration (ns) 

'^P 

60 


Select Low 
( internally 
coded mode) 

Repetition 

Rate (KHz) 

^R 

300 
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Table 2,2 

Optical Receiver SpecificationB 
1 ) Optical Input pulse duration and timing ; 


Parameter 

Symbo 1 

Min, 

Max, 

Unit 

High level 

P 1 — 


W' 


ns 

code low level 

\ 

100 

5000 

Flux Excursion Ratio 

K 

0,75 

1.25 

- 

3 level 

^H 

100 

~ 


code T , T 

Low level 

■^1 ■ 

100 

- 

ns 

Mid level 


100 

- 


Refresh Repetition Rate 

% 

150 

- 

RHz 

Refresh duty 
factor 


- 

0.04 

M 


2) 


characteristic s 


Parameter 

Symbol 

Min, 

Typ., „ 

Max. 

Units 

Data output 

TOltaee 


'"oh 

2,4 

2,85 

- 

V 

low 


''OL 

- 

0.35 

0,5 

V 

Supply current 


^00 

60 

77 

100 

mA 

Numerical Aperture 


N.A. 

- 

0.5 

- 

- 

Peak responsivity 
wavelength 


P 


770 

- 

nm 

H'igli to 3 level 

code 

■^PHl 

. 


37 

ns 

low delay ^ level 

code 

'^PHL 


”T7~ 

35 

ns 

Low to 5 

code 

^PIH 




ns 

high delay 2 level 

code 

^PIH 

“ 

45 


ns 

Bit Error Ease 
at lOM-band 


BEE 

— 

— ' ' 

10“^ 

— > 


The absolute maximpm rating are same as given in Table 2«1* 
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signal. In this modo the Q output of the Refresh Multivibrator 
is ’high' .(and Q is ’low’). Under this condition and 
aro both ON when data input is 'high' and both ORF when it 
is ' low' • 

In the intermlly coded mode (mode select 'low') the 
Refresh Multivibrator produces refresh pulses at pulse 
repetition frequency of 300 KHz and pulse duration of 60 ns 
(tp). Any data transition (either H-L or L-H) retriggers 
the Refresh Multivibrator to start a new train of pulses. For 
data transition from Low to High refresh pulses from flux, levels 
produced. For data transition from High to Low 
refresh pulses from flux levels 0^^ to 0^ are produced. Notice 
that any refresh pulse is overridden by the occurrence of a 
data input transition so there is no additional jitter when 
the duration of the data input in either state is at or near 
the same length of time as the refresh interval, Iho 
refresh interval is very long, relative to the refresh pulse 
duration making a duty factor of about 2 %, This also is 
done to keep the avoragc flux near mid level regardless of 
how long data input remains in either logic state, 

2*4 Receiver Descrintion ; 

The receiver diagram is shown in Fig. 2,3» it has 
four functional blocks. 



tOiVTROL 

STAce 



/^ic 
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i) Tho amplifier, including a ^in**control stage 
and split phase outputs with a voltage devider 
for each. 

ii) The d.o. restorer with a long time constant, 

iii) Logic comparators with an R-S latch, 

iv) Positive and negative peak comparator with single 
ended output for the ALC and link monitor circuit. 

Optical flux at the input is converted hy the PlH photodiode 
to a photo current Ip, which is converted to a voltage hy the 
proamplif ior . This voltage is amplified to a positive going 
output, Vp^ , and a negative going output • A rising 
input flux will cause Vp^ to rise and to fall, Thpse 
voltages are applied to the differential inputs .of the LG 
restorer amplifier whose output 7^ falls until it is low 
enough to draw the average photocurrent away from the p|'e-« 
amplifier via the 25K resistor. This makes 7 hen 

the input flux is at the average level. The output impedance 
of the DC rostoror amplifier is very high, making a long 
time constant with tho filter capacitor, Ojp. With no input 
flux Vp= \ax' rises, Vp falls proportionately, 

BO that tho voltage at the TEST POINT can he used as an 
indicator of tho average input flux. 


\ = Test point voltage with no optical input signal, 

max 



22 


As described above, when this input flux is at the 
avorago level, the positive going .and negative going output 
voltages Vp^ and are approximately equal, IJotice that 
this makes the outputs of both logic comparators low. A 
positive flux excursion, rising faster than the DG restorer 
can follow, will cause Vp^ to rise and 7^^ to fall* If tho 
positive flux excursion is high enough, the logic High 
comparator input voltage ^ becomes positivo and a SET 

pulse is produced for the R-S flip-flop, [Similarly, a negative 
flux excursion of such amplitude would make positive 

and RESET pulse would bo produced] larger ampli'bude of positive 
flux excursion would mako the Positive Peak Eotoctor input 


voltage 


change from negative to positive and cause 


current to flow into illC filter capacitor, I'Jhon voltsige 


Yj^ starts to rise above the ALG amplifier output will 

operate on the gain control amplifier to lliait the roo Giver's 


forward gain, Hotice that tho ALG action is tho same for a 


negative flux excursion. 


2 • 5 Precautions and Limitations i 


To bo able to uso the H.P. fiber optic link most 
efficiently and to savo it from damaging : following precautions 
are rocommended. There arc few important limitations in 
tho uso of link e.g, input data format etc. which aro also 
montioned bolow. 
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(,i) Taking into considerations tlie transition t-T m o 
from L to H (or H to L) t^^^^ (or tp ^^ ) wkicb. is specified as 
50 ns maximum (Rofor See. 2*2), the minimum pulse ■width for 
internal (low) or external (high) mode can ho 100 ns. This 
implies that the maxim'um data rate in either mode possible 
is 10 Mbits/soc HRZ. 

(ii) In the external mode input data format should 
be such that on an average the signal should have a 50^ duby 
factor or make flux excursion ratio*(E;) = 1 (allowed variation 
limits are 0,44 <’ Duty fhetor <0.5? 0 . 75 K < 1 . 25) • This 

is required to keep tho average flux (0g_^) ucar mid level 
flux (0jyP to avoid preamplifier stage from saturating and to 
make ful3, use of its dynamic range. This is possible by 
choosing codes whore total number of 'mark' inter'val is 
equal to the total number of 'space' intervals as in the 
Manchester code. 


(iii) In tho two level code (i.o. in the oxtomal 
code) , tho other requirement is that in either high or low 
level data should not romain for more than 5^ sec. This is 




*Plux excursion ratio (for internal riiode-3 level code)!! ^ 


A E. t 

Flux excursion ratio (for external mo dG-2 level codG)K = 

(fig. 2.4) 
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n.ocos8<3.ry i/O avoid "pulling*' "th© rGCGivor D*0* rGsior©!* 
voltage V^, too far a-way from the value corresponding to the 
avorago flux (Sgc. 2»4). With this limitation in the 
oxtornal modo data rato loss than 0.4 Mbits/soc can not be 
used ovon when a code like Manchester is used. 

(iv) The instrument used for observing the voltage 
at tost point must not load the test point significantly, 
so an input resistance of 10 MJR is recommended [3] * 

(v) Power supply linos for the transmitter and the 
receiver should c^ch have a pi-filter of two 60 pF shunt 
capacitors and a 2.2 pH (<1A ) inductor. The transmitter 
needs this filter to prevent transient from reaching other 
equipment when LED currents are switched. The z’oeoiver needs 
the filter to keep lino transients from interfering with 
its extrcraoly sensitive amplifier. Receiver also needs 
regulated [3] supply to provent low frequency transients or 
ripplos from interfering with the data . u filter should b o 
usod between regulator and rocoivor supply terminals. Trans- 
mitter does not naod any regulator if the supply voltage is 
in the spccifiod range of 4.75 Y to 5.25‘Y (Sec. 2.2). 

(vi) During the performance evaluation the equipments 
which arc connected to the input of transmitter or at the 
output of rocoiver (e.g. Data generator type HP3760A and Error 
Detector type HP3761') should have proper imp odanco bufforing. 
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(vii) Tho limits spooifiod for the fitor and 
comiGotor handling against the mocha ni cal abusosi bending 
etc. should bo observod. Moving the lock nut at the modiile 
connector can cause misalignment of the optical fiber stub 
inside tho modulo resulting in a reduction of power output. 
Both transmitter and receiver modules should bo mounted so 
that the lock nut at tho optical port is not disturbed 
(overhanging the edge is rocommondod) . 



chapter III 

like BHCODIHG AJH) DBCODIH& 

3 • "I Suitable C odes for Optical P i Taer System ; 

In the conventioml systems the line code used is 
Alternate Mark Inversion (AMI), i.e., the polarity of marks 
are inverted alternatively. Advantage of this code is that 
it has no d.c. content, and any violation of this indicates 
presence of error. Being three level code it is not suitable 
for the optical fiber system. But, to utilize the advantages 
of AMI coding plan a two level AMI is suggested [4]. 

3 • 1 * 1 I wo Level AMI ; 

In this scheme the center level of Ajyil code is converted 
into two levels as shown in figure 3»1 (b) and (c). The two 
possible 2 level Mil modes provide the redundancy and can be 
made use of for error detection. Clock recovery is easier, 
and decision threshold level is insensitive to input level 
variation. Optical power required does not depend on the 
pulse pattern. But, this method suffers from the disadvantage 
of requiring double the transmission bandwidth compared to 
ami or straight binary. 

3*1 *2 Block Code s; 

This coding scheme implies that a block of m hits 
are converted into a block of n bits in the same time interval 
with the help of some conversion rule. Such codes, are called 
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mB nB pulsG formats. In general mB nB foimats are suitable 
for optical transmission, if the ratios n/m is kept low. The 
bandwidth reduirement oan be minimizod by keeping n=(i]i+1 ), 

Two block coders, for 1B 2B and 2B 5B,are described below- 

^ ) Coder 1 B2B i 

Tho two-level -AllI explained in Sec. 3. 1.1 can be termed, 
as 1 B2B code with the following conversion rule 


Straight 

Binary 

Mo do 1 

Mode 2 


1 

1 1 

-1 ,-1 

Alter na tiv ely 

0 

1-1 

-1 , 1 

Depends on the last bit 
of previous coded set. 


The coding scheme could bo made simpler by adopting the 
rule 

1 1,0 

0 0,1 

The difference between the two being that former is converted 
from Ami and thus retains tho pattern of AMI, whereas the 
latter is direct conversion from straight binary and can be 
considered as true 1B2B code (Also known as MancheBter code), 

Oodo convertor required for 1B2B is very simple as 
shown in the Mg. 3.2. Here data generator clock GKg. is^ 
taken as divide by two clock from clock generator because it 
is easier to divide than multiply the clock. Behaviour of 
tho circuit oan be easily understood with the help of 
Big. 3*2(b). 
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"b ) OoAor "2B~3B t 

In 2B—3B codon date is accoptod in ’block’ of 2 biis 
and convert od to blocks of 5 bits according to tbe rule 
given below in 'Dablo 3«1« -is stated above the bandwidth, 
saving can bo dono by reducing the conversion %atio n/m in 
inBnB typo coders. Bor example, 2B3B foimat requires loss 
bandwidth compared to 1B2B, as it includes less redundancy^ 
However, the converter complexity increases exponentially 
as tho redundancy is reduced [4] . So one has to strike a 
balance and select tho code accordingly to fulfil the 
roquiremonts and ovorcomo tho disadvantages of tho stiraight 
binary plan. 

Table 3.1 


Original 

data 

mode 1 

l^oie 2 

_5l 


^2 


^0 


0 

0 

0 

0 

1 


0 

1 

0 

1 

0 


1 

0 

1 

0 

0 


1 

1 

1 

1 

0 

000 alternately 


Oonventional 2B-3B plans try to suppress the dd compohent: 
in a pulse sequence and as such can not solve the probl-epi 
of error monitoring since the redundancy is usbd up in 
BUpproBsing the do component. Big. 3*3 gives the block 
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schomaijiG of tho 2B~3B coder. In. this "blie firsf "bit of the 
data stroam, after a delay of one bit duration is received as 
Aq at th .0 input of the block A, ^ilhereag the second bit of the 
data stream is roceived as without any delay at the input 
of block A, Thus both first and second bits of the data 
stream arc roceived simultaneously at the input of block A, 

Iho third bit of data stroam is delayed by one bit duiation 
again and reooivod as Xq, whilo fourth bit without a delay is 
rocoivod again as X.| at tho inputs of block A, This way data 
bits are rocoivod in groups of two bits and available simult- 
anoouBly at the input of block A. Block A is a simple digital 
circuit as shown and it converts tho group of two bits in 
to group of ’three' bits according to the rule given in 
Table 3.1 mode 1. ITotico here that these 'three' bits are 
to bo transmitted in tho time ^ seconds (whore M bits/ sec is 
the rate of input data). Those parallelly (simultaneously) 
available bits are to be transmitted in a serial order of 
Ig Y.J Iq. Thoreforo, bit should como after a delay of 
i (|) - 1 seconds (whoro 0 = clock lato of transmission) . 
Similarly bit Yq should come after a delay of 2 x ^ seconds- 
A dolay of T seconds can be provided by shift register 74164 
by giving tho clock of ^ Hz to it. Big. 3.4(a) shows the 
input data stream as X|( o- PHBS 2 -1 for N=3) . Zq is the 
delayed soiuonce by one bit (^ sec) is shown in Pig* 3.4(b). 
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3»4(d.) shows which is dclsyed l^y ^ sgc (= ■■^~)» 

Pi^,. 3*4(g) is Yq delayed by see (= socoads)* 

i‘Or Gonvoriing parallel data to serial output shift 

rogistor /41 6'3 was used* It roiuires a loading clock as shown 

in lig. 5* 4(f) at a rate ¥ith the arrival of this clock 

(at negative going edge) tho fresh set of data is loaded to • 

tho shift register input which is transmitted one after tho 

other* I'hus loading clock should he available aftor 
2 

g 4* A seconds* This 42^ seconds delay is required so that full 
act of y2’^1 '^0 already be available when the loading 

clock edge arrives, i^his delay was kept approximately 80 n.soc 
(Pour ^fito delay). Duration of clock (i.c. at 0-V level) 
should also be very small comparod to bit duration (;^ see). 
The encoded sequence is shown in Pig. 5»4(g) which is the 
output of coder. 

Apart from the load clock discussed above throo more 
clocks of rate M, | , aro required. Those clocks aro 
dorivod from the available clock from clock generator of rate 
by succoseivo division as shown in the Pig. 3.3. The 
division of clocks are proforrod to multiplication as simplo 
circuitry is roquirod for division. Counters 74190 was used 
for dividing the clock. 

3.2 PQCQdor 3B~2B i 

Block sohomatio diagrm is ahown in 3.5. It is 
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doBigncd on similar linos as tho oncodor. It is required 
hero ttot codod data roceivod here should bo in blocks of 
throe bits* iuaoiig those throe bits tho second and third bits 
are delayed by one bit sec = and two bit (|) duration, 
respectively. Thus wo notice that dolay provided here is in 
tho reverse order as was done in oncodor i.o. bit Yg is 
delayed by two bit duration on soc), bit is delayed by 
one bit duration (;^ soo) and bit Yq with no delay. Whereas 
at tho oncodor Yq was dolayod by two bit duration (j sec), 

■I 

was dolayod by ono bit duration sec) and Yg had boon 
provided with no dolay, Thus tho ovor all delay for all 
data bits are sec). 

The simultaneously (parall oily) available bits 
Yq,Y^,Y 2 aro convortod to Xq and with simple circuitry 
as shown in tho block B, according to rule given in table 3.2. 
Before con vor ting parall oily availablo and Xq in to a 
Qorial output. Bit X-, is to bo dolayod by one bit ( ^ soc), 
so thit during loading clock odgo in tho parallel to serial 
convortor 741 65> ^-bd Xq are loaded as present and 
previous bits. 

As explain od in Sec* - 3*1, 2(b) , here also .the loading 
clock is similarly achiovod. Also presuming that a clock 
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Table 3.2 


4m 


K 

o 




0 

0 

1 

0 

0 


0 

1 

0 

0 

1 


1 

0 

0 

1 

0 


1 

1 

0 

1 

.1 



3i-i io iivtiiliiblo at the roccivor. It is divided successively, 
as ohovin, to obtain the required clocks, k clock recovery 
Ani syiicta't)ni»r,tion circuit was made using the PLL XR2f5, but 
it has a vury narrow look rango around 2 MHz. For testing 
the circuit porfonaanoo at other than this frequency variable 
clock generator was usod. Results arc given in the 
Chap tor V, 



CH&PIER IV 


a)URCE CODER 

4*1 IntTcKUction i 

Tliough PGi4, DPGII, 134 and liho adap'bive versions of the 
sni 3 ij aro fcnown sonrco coders^ but PG14 ig more commonly used 
in fiber optic comaunlcation systems. Compare to other 
codlii /3 schoaoi hardv&ro implementation of delta modulation, 
{M) boing smsy, linear delta modulation and a modified 
nodifioti voraion of it havo boon used as sourco 
coder lioro. 

4*2 l^ingir Pol ta Modulator ; 

Delta mortulator acts as an analogue to digital 
convortor having an analoguo input X(t) and a binary output 
signal li(t) * Tho rate of occurence of each binary pulso is 
directly prcjportional to the instantaneous slope X(t), The 
Stop sizo ia asBumod to bo a constant in MinGar Delta 
Modulation (LDM) i,o. thoro is no modification done in step 
size in aocordanco with the changing slope of the input 
signal. 

The block sohoma tic of IM is given in fig. 4*1 (a) . 
The comparator inputs are the input signal and the sun of 
all previous samples, When tho difference of these two 



cmpm IV 


SOURCE CODER 

4 • 1 I litre- ''.uet ion : ' ' 

Tiiough PGM» DPOl, m and the adaptive versions of the 
Sciciii iiTG known sonree coders^ hut pcM ig more conunonly used 
in filjos* optic coffifflunication systeins* Compare to other 
codirn., soliaao, hard->iaro implementation of delta modulation 
(Il'l) boing tmsy, linear delta modulation and a modified 
modlfiod ycirelon of it havo hoon used as source 
color hero, 

*^•2 Linmr DoXte Modulator ; 

Delta modulator acts as an analogue to digital 
convertor having an analogue input X(t) and a binary output 
signal L(t), The rato of occurence of each binary pulso is 
cliroctly proportional to the instantaneous slope X(t). The 
stop size is aseuiaod to bo a constant in '.linear Delta 
Modulation (DDM) i.o. thoro is no modification done in step 
slgo in aocordanco with tho changing slop© of the input 
signal, 

fho block schomatic of LDM is given in Pig. 4. 1(a). 
Iho aompai^itor inputs are tho input signal and the sum of 
all previous samplos. When the difference of these two 
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input incroasoo noro than a prosot value (atop siae) , the 
coupnmter gives a bimry output. Thoso Mnaiy pulsos arc' 

level slilfiecl toefero suming in an Integra tori 

Fig. 4*t|h) showa the circuit diagram of IDM. fhe 
output of t!io coapamtor ia fed to tlio Dpi* to get the sii^l 

I 

syiiciironisacl with the clock. liL output .(0-5Y) is summed in 
the liitogratiir after lovol shifting (-SV to 57) with 
tmiisiotor 2l-i2904.* I'ho difforcnco amplifior (DA) is designed 
to m.ipli0 tho .’ifforonoo botwocan incoming sigial X(t) and the 
tesof* bacii signal Y(t} through local docodor such that orror 
oigtml alwJiyB roaaini greater than fivo millivolts to 
get the bii^iry output from tho comparator. 

4# 5 iyuoB q£ Srror in HI ; , 

fhoro aro two -typos of orror found in delta modulation 

systota. 

i) Slop© overload no iso 
11) Smnular noiao 

Sl^'^PQ civorloiid .ao.lsfie ’ ^ 
saspliiig period in soconds, then ^ will be the highest 
input mto of ohango whioh the DM coder ; can follow and it is 
oallotl the aaxiam slop© ti?a:oking capability of . the D.M,: 
systen* If fg is tho sampling frequency then an input 
signal with slope oxooding givos riso to noiso, known 

as the slop© 
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yiador tho situation when the slope of 
tli.„ input oirpi'U. is 0uch that the cK)der is able to traok, 
tin, ■M.,ff:t,.:ronca batwam tha approximate cl signal and the actual 

si#3i’''S'l ic the griniilhr noiso, 

i'liti nl'-:*pg ovorluad noiso is dominant of the two typos 
of no.isy wli^ati tli« step siiso is too small, Boreas, the 
graruiJjir rioiB'j is aoro whoa tho step sizo is too largo. 

4*4 ■if.ttp'; hcltei Hodalator i! 

Ill ci rdor to roduoo tho to tel noiso ono must optimizo 
tho atop ©Iso* 4 fixed stop sizo will not givo an opttem 
parfemmneo in torrii of tho raiaimum output noise povror* But, 
if the atop «iao is mrlod in accordance with the instantaneous 
slopa of tho input signal, i.o., incroaso the stop size 
imlor slope overload condition, wo got a modified system 
which is roforrod to as tho Modified Delta Modulator (MDM) 
in tMs tlioaict 

4,ii fIJW, with double ©top sizo during slope overload 
occurciioc aad sihglo stop during nominal slope usos the 
fcllr'’wing fiirtter onooding of binary 'digits to bo tranauitt eel, 

. 1) Slope oYorload trmmlt 1 1 

li) aiopo overload oooui anw md nogat^ .tranmlt 1 Q 
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iii) ’k f ’ 1 aai 

*; f aifpni slopo tranmit 0 1 - inplace of 1 

iv) ’• f'. vorlcri.'! nri'! 

'< I f , t i 0 slopfli txaiiHaii't; 0 0 ~ in.pla.cG of 0 

fMiiiTi liJ,-. |, w ' i QCGiii*® (itO* firBlJ "bii * of "iwo binary bib 

tolaefi’' is 1i at tlia rocoivor aid choosos a double stop 

ts b-,. tlia iu;.ijcir aaplif ior. On tho other hand when 

tliwro ia r. .■ clcpu overload (i*o# first 'bit' of "tw binary 
Mt blv^cK'* ie 'Q*} a single atsp is to bo added to .the sum er 
aj.jtlifi ( r.* i* iiesiar awplifler foUowod by an integrator 
C«iriilf'ir t"' tho * integrator' in tho local decoder) along with 
digital l0‘gic eircultry to sole© properly the four oodo words' 
Itv fuinui tlio dooo’lor* 

fo fiotioo haro that tho Mt rate, (or the channol 
taadwidth) will tovo to bo doublod oonpared to the bit rate 
of 2.M4 timnaiittiag Just ’two' Infomations (i.e,,, whetlior 
’ +¥*0 ilopo* or *-Vd slop©') ^^nd having a constant step size,, 
flio porforaamo of tho MS4 disoussod above (with a .bit. rate 
ci,f 8fif M Mtii/aoe) eheulcl bo coaparod with the porformanco, . 
of IM with 2 I Mts/©so 'bit rate. OJhis coEaparison, has been 

doao ia.. Cliaitor f* 


U'*!** 1 


Wg. 4.2 SlTOB iho KLook dlagrm of tko MM oodsr. Tho 
InputB to tho Bifforohoo .^p2.ifior (3)*^) input s'g 
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inforaation) is available with only channel delay. Both 
those outputs give all the four informations (as disoussod 
in the Sec. 4.4) required with the help of simple digital 
circuitry using 'AED' and 'INYERTBR' gates as shown in the 
circuit diagram given in Big. 4.3. ; 

Pig* 4.4 explains how the four informations (d),(e), : 
(f) and (g) (mentioned in Sec. 4. 4 ) are obtained from the 
demultiplexer outputs A and B, Pig. 4.4(a) shows the input j 
signal and the output of local decoder. liThenever the i 

difference between these two signals increases more than the « 
set voltage (say 4-v volts) e.g. , at points P and Q, an I: 

"overload pulse" occurs (Pig. 4.4(b)). Duration of these ■ J 
overload pulses is detomined h7 the period of time the I 

f 

difference voltage remains more than V volts. Ihe "sign ^ 
of slope" pulse (output A of demultiplexer) is shown in Pig. 

4 . 4 (c). From (b) and (c) other wavcfbms (d),(e),(f) and (g)| 

I 

are obtained with the use of simplo gating. Before summing 
these pulses in the summer pulse trains (e) and (g) aro level j 
shifted from (0 to 5V) to (0 to ~5’V) as those pulse trains * 
represent the -ve slope, waveform (h) shows the sunned up 
waveform, Hot ice +ve and -ve slope overload pulses, viz, (d) 
and (e) are sunned in the stLomer with a gain of 2. Integra -tiori 
of summed waveform (h) gives the recovered signal, fho 
results obtained of modified delta modulator aro discussed [ 

■ I 

1 

in Chapter V, 




CHAPTER V 


GOHCLUSIONS 

5 • 1 In-trod-gction ; 

To evaluate tlic performance of the fiber optio link ; 
two type of meaeuromnts viz* Bit Error Hate (BER) and 
Signal to Boise Ratio (SKR) were carried out* BBR measure- 
ments were carried out in the ''internal" and "external" 
modes - with and without line coding. Wiereas SHR measu- ! 

'p 

roments were carried out in the 'internal' mode (using 
the internal 3 level line coding) along with source coding. J 

5.2 BIT Error Measurements : i 

Bit error rate (BBR) measurements is divided in to I 

the following partsi I 

i) BBR measurement for the optical link only, i*e* 
using the optical transmitter (type HPBR 1001), 
the optical receiver (type HFBR 2001 ) and fiber 
optic cable (type HBBR 3003) in cascadG without I 
using any external line encoder/decodor, etc* I 

Measuromonts were made for the following modes: 

a1 External mode (without any line coding) “ | 

b) Internal mode (with internal line coding) 

ii) BER measurements using 1B^2B linei encoder/decoder 

with a set up as shown in Big* 5*1* ! 

■ ^ ■ 

iii) BBR measurements using 2B-3B line enco dor/de coder 
with a set up as shown in Big* 5*1* 

I 

Results obtained in the above measurments are tabulated 
in Table 5.1 and Table 5*2. Bit error rate versus bit rate 
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5’ig* 5* Is Measurement set up for BBR Measurement 


plots for various measurements are shown in Fig. 5.2. [ 

Curves (a) and (h) of Fig, 5.2 correspond to the measurementi 

set up of above mentioned graphs (i) (a) and (i)(b), I 

I 

respectively. While curves (c) and (d) of Fig* 5*2 correspol 

' ■ I 

I 

to the measurement set up of groups (ii) and (iii), respect-| 

i'l 

I 

ively, I 

I 

Pseudo Random Bit Sequences (PRBS) wore generated ^ | 

■ ■ i 

which matched the internal sequences generated in the error | 

I'.': 

detector (Type 3761 A of Hewlett Packard ltd.). The length 
of the PRBS is . given by , where N was choosen as 15. 

[ 

5,3 Signal to Boise Ratio Measuranent g 

Performance of source coder/doooder described in 
Chapter IV was evaluated through this measurements. Modified 
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delta modulator (MDM) is used as the source coder along 
with tho optical transmitter in the internal coding mode 
(throe lovel optical flux coding scheme descrihed in 
Chapter II). So tin internal coder can te considered to loo 
tho line coder in this case. The Slffi. measurements were 
divided in the following four groups. 

i) With linear Delta Modulator (IM) as source 
coder along with internal mode of optical 
transmitter. 

ii) With modified delat modulator as source coder 
along with internal coding mode of optical 
transmitter* 

iii) With I/DM as source coder, hut, without any lino 
coding and optical channel. 

iv) With MDM as source coder, "but, without any line 
coding and optical channel. 

Fig. 5.3 gives the sot up used for above mentioned SKR. 
measurements. SNE. measurements were done with the help 
of a distortion analyzer (Typo 330D of Hewlett Pacicard 
Company), Results of SBR moasurements are tabulated in 
Table 5.3 and Table 5*4* These results are also plotted in 
Pig. 5.4» S'ig. 5*5 and Pig. 5.6, rospeotively. 

5*4 Conclusion s 

It can he seen from curve (b) of Pig. 5.2 that the 
HP fibre optic link can be operated at a bit rate of 
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4*.65 Jdbits/sec with a BBR of 10 ^ when used in the "Internal 
Mode" only* Prom curve ta) of the figure it is seen that 
for the same BBH a data rate of only 2.9 Mbits/ sec can he 
achieved using the "External Mode" of operations The pulse 
foimat in both the cases was RZs So the manufacturer' s 
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^'i^. 5.3! Sinn Measurement set up. | 

I 

I 

■ 'I 
I 

claim of obtaining a bit rate of 10 Mbits/soo, lijEZ at a I 

i. 

BER of 10 ^ seems to be a little optimistic. i 

i 

The role of lino coding in improving the perfomance 
can bo observed from curves (c) and (d) of Pig. 5*2* It 
can bo seen that for the same BER o,f 10”^ the data rate 
improves to 3 Mbits/sec with 2B-3B coding and 3.82 Mbits/sec 
with 1B-2B line coding technique when the External Mode of 
operation was used. However, the three-level coding used 
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. . • 0.4-T 1 “L mU-Cll iDctliGr* In 

Vho Internal Mode of operation is 

• VI v>Pi+io K is exactly equal 

tnis oaso, tho flui exoursion ratio K , , ' ^ 

nf the froxit-end amplifier in. 
to one and fall dynaiilo lango of tho fro 

riving a muoh better performance 
the roooiver is utilized givi S „f iB2B 

nrlior Similarly, the performance of 1 
as is seen earll . „ the reason that a 

1 .x. +Vior) because oi 

coding is te e • + is achieved in the fomer 

aux excursion ratio nearer unity is achio 

S G ♦ 

„oe of the linear delta modulator/demodulator 
Performs conjunction with tho optical 

does not Change when u^ ^ 

f«re link. A p^^ ^ ^ 

single tone mpu 

modified coder gives a pea Overall, the MIM is 

input at the same transmission rate 0 

seen to give an improvement in sm of 3 d . 

,ne source coders wore used along with the XnternaX 

+ • n of the fi^re External Mo g 

Mode opera lo possible at such bit rates, 

operation of the linh ^s not possi 

V in line encoding can be done m 
farther work mime en \ ..w 

1 ■ Higher order pulse formats liko 

,qi-Ffpnent directions* nigiifc- 

dill er on rJorrelatives 

V. ’ho PTTDGrimented with* 

3B4B, 5B6B, e c. ca conventional do ceding 

decoding techniques pexforioanco. More 

>.n used for further improvement P 


r*.an 


sophisticatod pulso formats have also been proposed hy 
some pooplo whioh can bo used. Tho effective of more 
sophisticated lino coding plans on the synchronisation 
probloms of the link should be examined* 

Ihe modified coder can be improved farther by using 
more than oho threshold levels, for overload situations* 
Moreover, for underload inputs reduction of the step size 
in a similar manner can be investigated. 
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